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REPORT NO. 81.

COMPARISON OF UNITED STATES AND BRITISH STANDARD PITOT-STATIC TUBES.”

By A.F.ZAHM andR. H. SMITH.

PREFACE.

It has been stated by some experim~km tiat tie stwdmd pitd-etatic tube used by the
United StatxwNaVY does not, at ~1 tipl~e s~e~, give the same differential pressureas the

British standard pitc+static tube. Since the readings of th~ two tubes form the basis of
comparison of a part of the British ~d ~fican amod~uc- data, it was deemed advisable
to calibrate them with reference to one ~otiti”at ~ av~able fid tumel speeds. This was
accomplished in the 8 by 8 foot t~~ co~~ict~d to 4 by 4 feet and @fig a ftily uniform air
flow at all speeda up to 160 miks an hour. The table and ill@rations were prepared by Mr.
G. C. 13i11.

DESCRIPTION OF TUiES.

E’igs. I, 2, 3, ~d 4 give the genm~ =tfior aPPeuance Of them iRstrum~~ and the struc-
tural drawings of their nozzles. In ahape bot$ nozzlea consist of round coaxial tubes termi-
nating in a hollow conical nose with he extem~ taper as shown in the figures. The Na~
tube has the steepm taper and the grea~r number of s~tic hoi= ~ the external pipe. The
holes in both are 0.040 inch in diameter. Both nozzles are attached to streain-line shanks

which convey the static and imp~t pr~s~@% resp~tiv~y, ~ tie oppmite leads of their
manometers or pressure gauges. Tha theory and general structure of such tubes are too well
known to require detailed explanation.

MANNER OF TESTING.

During calibration the tub= wwe placed abreast ~ the 4 by 4 foot t~el, equally distant
fmm each other and from the walls, and supp:rted from their shanks which ran vertically
upward through tie C- of t~ t~~ tO hq~d ~COhOlm~ome~ ~v@ a 1 to 5 elope.
Vibration was pre~enkd by a fie *e att~he~ tO the lower SLIdSof t~ shah and to the
side walk. During the test the Bri@ tube was made to rwd even miles per hour from 20 to
160, by incremenk of W and th$ corr=pon~g Pr@ure ~erence for th other tube was
observed at. the same iustwt, at the time when boti rmd@a were steady. Mer a comple~
and “carefti run, d~y cwed, the tubes w~e p~ha~ed in position, and a complete IMW
~ w= t&m with the British tube still made the instrument of reference. The mean of the
speed indication of the Navy tube~ob=~ed at ~Y one speed ~ the two pcsitiom, was taken
M the true readingj or what ~o~d be obta~ed ~ 8 UfiORII ~d homog-us current.

BY mtians of a hook gauge, the @O m~ome@ ~ub= w~e c~bmted to 0.001 of an inch of
water simultaneotiy and Undm ~ same pr~ure) ~lowance - made for the descent of
the alcohol irt their reservoim. As seen from Table I and Fig. 5, the two straight glass tubes
of the inclined m~ometi ~we of ~commo~Y dorm ~~etmj except where a weld in
each tube was made during construction. Bo@ were of German glass 3/16 .of an inch in

diameter. The mtic~ co~d be loca~d a%~a~y tKI0.01 of an ~ch ale% the tube, or
1/500 of an inch b verticsl displacement th~ .-b]% he ~WSII~ pr-ure h the nozzlea
to be read truly to 1SSSthan 1 Pa c~t at ZO~WPEW how ~d st~ more. accurately at higher
speeds. “ \
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FIG 4.—U. S: “Navy pitot-static tube,
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FIG. 1.—STANDARD BRITISH PITOT-STATIC TUBE.
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FIG. 2.—U. S. NAVY STANDARD PITOT-STATIC TUBE.
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~T~ITED sTA~s AXII BIUTE3H STANDARD PITOT-STA~~ TuBEs. 7

RESULTS.

Fig. 6 givea the final calibration data for bhe two tubes. When the corrected air ~peed indi-
cations of the United States hTavytube are plotted to the same linear scale! against those of
the British. tube, as a basis of reference, the data all lie on a straight line whose slope is unity.
It had been alleged that the somewhat steeper cone of the Navy nozzle caused too lo-ivprsssmre
in the static holes. From this diagram, however, it appears that the ,air speed readinga of the
two instruments are identical to the accuracy of inclination of either instrument.

REMARK.

It seems most de&able that a standard pitot-static tube be w+uately calibrated at ail .

speeds used in aerodpatic research. .The prcxise calibrations thus far made have stopped far
short of the speeds available in modern wind tunnels and aircraft.

FIG. &-ReadbW of manometer’s 1 and 2 under same prwsure.
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FIrt. &-Sfmult8neOuS ah syed lndicatIon8 of hvO @~t-Stf4iC tUhS. ——

TABLE 1.—Reading~ of two mummt+ers under aenm PW8UW

~nches of alcohol on II%slope.1

.

!&nometer No. 1. Mmmrneter No. 2

3.00 3.01
5.97 5.98
8.96 8.96
lL93 lL93
1493 1494
17.97 ls.00
20.9s 21.”00
23.96 %99
27.01 27.02
so.03 30.03
33.03 33.03
36.01 36.00
38.94 3a93
42.06 42.00
45.10 &00
4&06 47.90
5L 07 61.03
6408 63.96
57.10 57.03
59.96 69.99
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~ABI.E fl.-S$xe-d comparison of htkd I%?&JJ-adBritieh j%b~ddc tdwa.
t .-...-. - .-

Afr speed. 1“ “’”’
4v- —<

Pa - ‘“””- ““ “
—.—

43
observed Inches of alcohol on 1/5 elope.

I Unitdststestld)e.

BrMelLtulM (l&nnEti#&

m. P. h. m. P. h.
Mtfsh tube.

(F& csl- (wtid)Posi-!I.
1

L21- L 23’
2.71 ‘2.73
4.83 4.86
7.55 7.67
10.85 10.83
14.80 14.34
19,35 19.40
24.40 24.46
30.20 30.30
36.65 36.70
J5L05 43.65
343.50 5L40
59.20 59.40
68.al 63.20
77.30 77.36

L 2i
.. “2.71

462
7,-63

I

ML96
2%85
39.85
49.63
59.76
69.76
79.77
w-157

..20.03
29.92.
39.86
49.33
59.78
69.76
79.83

-89.57

u.95””
29.36
39.35
49.m
59.71
69.63
79A3
89.22

20.03
29.92
39.36
49.al
%9.73
69.63
79.64
89.32
“99.33
109.21
U.8.90
123.66
13&60
M. 07”

10.86
M 77
19.35
24.33

‘.%;..-.#-62.

6LQ6
69.10
67.80
77.10

99.68 99.73
109.65 .109.75
1.1.9.60 119.60
L29.67 1.29.57
139.66 1.39.64
149:49 “149.49
159.a 169.38

:<. ..

lE z
118.00
1.23.66
EM 42
14&07
167.62

.
..

E?. 67
I I

J 1

lNot corrected fm weldin .gless manometer tube.

Air deneity pOE.07635 lba.fcu. ft.

TABLE HI.-Preaewe of air on coming to ratjiwn vaaqhu 8*.

[mpset press~ hr Mh& o
Water: 1 megndyneJ.9q.cm.j
401.8in. of watd

—. .r—Q ------ ,

Bsrometrlo lus impoct presswe in Impact pressure fn poun&

%e~%!PpkI ‘.~”j fn me~- ~~ $$b;.w’~., .,
pm&nn-

::
0.cm
0.00
0.cm
0.07
0.E
0.18
0.24
0.31
0.40
0.49
0.59
0.70
0.32
0.95
L 06
1.26

iti
L 76

—

JAdMMtlc
1-(1+. cocr91747W)** lncOm-bl~ MM&k.

i
ncomprwsibb. AdfobatIo.

I

o

E
.28

60

Z
80
90
100
110
120
130
140
160
160
170
180
190
200

1.000MIO
L 000122
L 000J33
1.lxm399
L 001964
L 003062
L @34396
L 00698$
L 007814
1.009890

0.0004
0.2647
L 0189
2.2947
4.08ao
6.3726
9.1788
12.4925
16.3166

O.Wxm
0.2647

...L0189
-2.2947
.“4.0800
-6.”3763
9.1872
M.6166
16.3663

0.OCK)O
0.0400
0.1966
0.4416
0.7851
L 2271
L 7633

L

2.4olf4
3.1397
3.9738
4.9060
S.9362
7.0646

.8,2911
9.63.69
IL0383
J.2.9126
14.If/79
16.9062
17.7226
19.6373

3.1473
3.9863
4.9267
5.9665

009921
l)g);

017687
020780

20.6603
26.4945
30.8481”
36.7112
49.0369
49.9700
67.3615
65.2669
73.7292

20:71.60
.25.6968
3L0o06
36.9306
49.3836
M).3834

..57.0065

.-:5,9683
& 6564

%
:3269

103.:K”..

L o122io
1.014774
1.017632
L 020636
L 023932

L
L
L
L

7,1066
8.3404
9.6954
IL1443

L 024130
L 027733
L 031594
L 035765
L 040147

L 027i72
L 031259
1.03631.1
L 030587
L 044108
L 048873

13.0589
1A3604
16.1311
la0022
19.9307

82.6685
92.”m77“-
102.0476

LCM40.4
.. L 049728 .,

— .- . . . . ...-—.-.
1SW Report No. 20, Unftod States National Advisory Cbmmfttee fW Aoronruttw, Third Armusf Rem, p. 4fkl

NoTE.—Ueing7=1.406would lower vahm h columns 6.md 7kEMthsn).02per cent for speeds below 200 mike an
hour.
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